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Objectives

 Develop best estimates of time series of water
level and wave conditions (height, period,
direction, energy spectra) for Hurricane Katrina at
key locations - regional perspective

— entrances to canals along the Lake
Pontchartrain south shoreline

— In the IHNC, GIWW, MRGO and MS River

— fronting the levees that are part of the flood
and hurricane protection projects

 Develop best estimates of time-varying forces
acting directly on levees and flood walls per unit
width (water levels, wave fields, overtopping
rates, vertical distribution of statlc/dynamlc
Ioads total force/total moment, near-bottom
velocities) — local perspective



Regional Wave and Storm
Surge Modeling Approach W

Wind and _ PBL, H*Wind DEMS, structure,
Atmospheric and IOKA levee crest elev,
Pressure Processes from Task 1
Data (NOAA) :
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v ‘ Wave Modeling Water
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Wave Data ‘ STWAVE
(NOAA and ’ Storm Surge
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Solution Methods
HWMs and

hydrographs
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Products to other
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Evolution of
Method




Latitude

Latitude

Regional-Scale WAM Model

FMAX =17.14 [sec]
LONG / LAT [deg] : -90.7833 /291167

29°N
Wave
Period
- s = ; = 2]
91°W e 50°W o 89°W 3 88°W
Longitude
Mean Period Tl_mmn [sec]
I : 7
0 5 10 15

JMAX =52.38(ft]
LONG / LAT [deg] : -89.1417 / 28.9667

91w Bl 90°W L 89°W 14 88°w
Longitude
Wave Height H__ [ft]

0 10 20 30 40 50

Nested Offshore Wave
Modeling Approach

¢ Lateral boundary conditions for regional-scale

mo

del from the basin-scale model

*Winds from higher-resolution regional wind fields
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Nearshore Wave
Modeling

Max Wave Heights 8-9 ft

Wave Periods 7-8 sec

Wave Periods 15-18 sec

Latitude

Max Wave Heights 10-13 ft

Special Output Locations Hurricane KATRINA on 30-sec WAM CY4.5 Grid
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Regional Scale Storm
Storm Surge Modeling
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Preliminary Comparison to HWM’s in and
around New Orleans

Lond

17th St Cana

8.8) MrRGO
4(76.9-21.6) MRGO
16.9

3) MRGO at Paris Rd




Elevation, ft NAVD88

Preliminary Comparison to Hydrographs

Lake Pontchartrain at IHNC Junction
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Elevation, ft NAVDS88

Preliminary Comparison to Hydrographs

Water Level along IHNC
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Way Ahead - Regional Wave and Storm
Surge Work

 Incorporate HWMs outside metro N.O. area into analysis; perform
guality assessment with corrected datums

« Work on final wind and pressure fields; maximize use of
measured data

* Incorporate actual tide and river forcing into storm surge modeling

 Work on momentum flux input from wave model to surge model

« Examine time-of-arrival differences for water levels

o Comparisons of modeled storm surge with HWMs and
hydrographs

* Incorporate spatially varying wind input to STWAVE

* Add Mississippi Sound STWAVE nearshore wave domain

« Need updated DEMS, levee crest elevations, structure elevations,
all to current NAVD88 datums to begin incorporating them into
model input data sets for 95% solution

» Sensitivity testing of wave and storm surge models (wind speed
uncertainty, drag cut-off, wind averaging conversions)

e Save-point changes and additions; improvement of information
products

» Seek Interagency consensus on waves and water levels



Local-Scale Investigation of
Hydrodynamic Forces

Takes boundary information from regional-scale wave and storm
surge work and focuses on detailed studies in the vicinity of
levees and floodwalls

Estimate time varying forces on levees/floodwalls
(per unit width) during Hurricane Katrina:
Water levels
Wave fields
Overtopping rates
Vertical distribution of static/dynamic load
Total force/total moment
Near-bottom velocities
Estimate uncertainty (lack of measured data)
Model-related — run several models
Boundary forcing — examine range of boundary values
Local forcing (wave/surge generation/decay) — span range
of values
Communication of results to other tasks
Role of dynamic versus static loads- relative magnitude
Rule in/out possible causative factors for the breaches



Examination of Federal Levee/Floodwall System

BARRIERS OF EARTH AND GONGRETE

Levess and flioodwalls that protect against flooding from both the Mississippi River and hurricanas are built by the
icks, The corps and the local cistricts sn

Ay Corps of Engingers and are mainizined by ooal lavee dist

construction cost r'f hurricane levees, while the Mississipgi P'I..Pr levees are a federal project. Local sevee districts

alst build and mantain nonfeceral, lower-clevation levees
with construction monay fram each district’s share

are the

HEIGHT I3N'T

Lewees on higher ground and separated from the water

. by 5 miles of marshland need be only 127 faet tall _|
BRE

E"IIEH‘”HIHE Partchartrain Marsh—

[hfferent factors

permit Lake

of property taxes and state financing,

LEVEES AND FLODDWALLS
Misslzsiogl River i
Hurricane protection | P

i hotes: v and floodval
i devatons A% drawm wih an

Pantcharisain
levees of warying
alevations to

Broakwaters —|—|

Levess fronted by boulders and concrebe
rubble breakers can be abﬂu’f 14 feet high

o withstand an 11%
Bk o L Intarior parish Foot starm surgde
e b 14 £ 5
LaPlcg o RREn Em‘ plus sevaral feel o Levees without any breakers - Spawalls on -
| L= WEVES:
b0 need Eo be about 1T feet the water
o Spillw:
) Ll pesway tall or taller must bha 22
360 i 1THh o feet high
13a leams
o ‘Street Avenue
et = 3 1D Canal Lanal
| . (B g,' Wt 11| Beign ard ghage of & ks ge:s:!ha, gl o thia
Desirelan (_!. gl 5L -r ifﬂmn I.mﬂm “_-,1'..":'~..ﬂif
. : . .; Iul ""IM %___Ias,_ﬂ 150 l:::” sjoe of he sirecine
Lukrg = = {0 6—“‘ =5 : f—ﬂﬁﬂl
= 1B Ay :
i) il Ty Mztairi 15 Len 180 =
51, Gharlas (CLICEETY) faraha ! i | IIJ'I .
Parjan Parish = »ulm City Park @:M g 1A 4.3 e -Orieans 140
G E’ i L el ~ Hew FETY) Eatiem = Facish £
LRI LT WagiEman = 8 Frnah e arieans j 140 NE,N.EI_IE'E_H i) e 1
o Litman CED 50| g . 5 b} a2 1550 ES
S00-E0 8 50 1wl 1l 14n - al
: i Westwagd g : anapst o b . in.5
g : Wgens frati . ik
Bl AT X o
CL i Mot Chalmette - * 4 B Intracoastal <
3 — ki e fagEy  Orlezns b 'l‘aT.H"l'ﬂ-.I.l -
g i Harvay y nariah AT :
: Harvey = e
LETFL R i Canal . Merziy : '
Bayou 20 ET Balla v Mississippi
Segnette | — Lhagss « . River
I g T ; 4 o Winlot
a5 ¢ Intraceastal o Saies Canal
THE LEVEE SYSTEM:; A s L= p%
ii B ; Iln'ml:#i
La. MigE. Fall] Priydras &1, k;rflr_:mrd River-Gy
= w = mE. Bublet=
52 Tohin i Y i |
- ] i
a,xlrﬁs. 'H MEAHE [HTHCER S i) ,II
SR \/ /rl o - !
i - L] Flaguemings Kenitwarth 3 1
L e W -‘.- ¢ Farish LI L
- “39 51 Dardxed
51, Chafee™ % Vel
(o) SRR T

Graphic from Times Picayune



{39.9372 W, 30,2239 N, 0.00 = 4.0

Analysis Stations and Save Points
for Spectra and Water Levels
from regional modeling
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Phenomenological Study

Water levels

Slopes of water levels In
canals

Evidence of overtopping

Wave action (debris
size/distribution)

Erosion of earthen levees
(back side/front side)

Distribution of water
levels within canals

Trapped/resonant
standing waves

Barge impact




Analytical/Empirical

1|l
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Numerical Modeling

« ADCIRC/ STWAVE
* Coupled depth-averaged flow model

for surge

* Phase-averaged spectral model:

Wave generation, propagation,
and decay

« Simulations for all regions of interest

e|ssues

Canals (17th Street, Orleans,
London Ave., Industrial)

St Bernard levee areas
Plaguemines levee areas

Damping of waves by debris
Feedback of overtopping on
surge levels
Treatment of wave groups
Side/end reflection coefficients
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COULWAVE Boussinesq Model
*Resolution ~ O(1m)
*Phase-resolving wave model (1D and 2D)

*Excellent representation of diffraction &
nonlinearities (3-wave)

Simulations for canals/levees

«17th Street, Orleans, London Ave., IHNC,
MR-GO, Plaquemines

elIssues
Lack of wave generation
Wave transmission past bridge
Bottom friction
Inclusion of in-canal surge
Damping of waves by debris
Side/end reflection coefficients
Wave behavior in overtopping

region

Computer time

Boussinesqg coupled with Navier-
Stokes

*Resolution ~ O(0.1m)
*CFD solver (1D)

*Excellent representation of surge and
waves

Simulations for canal sections & other
selected areas

«17th Street, Orleans, London Ave., IHNC
*Wave transmission past bridge
e|ssues
Lack of wave generation
Damping of waves by debris
Side/end reflection coefficients
Bottom friction
Wave behavior in overtopping
region

Computer time




Coulwave Boussinesg/Navier-Stokes
Hybrid Simulation
Waves Propagating Past a Bridge
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Coulwave Boussinesqg N-S Hybrid
Simulation on MRGO Levee
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I Wave Maker I
Physical
Modeling
«— Model
Basin wall
190 ft

Focus on .
Short Wind Mlg ISt Clanla_l40
Wave odel scale 1:

Undistorted
Processes

Storage basin for canal
<« 150 ft >




Way Ahead — Local-Scale Hydrodynamlc
Forces

« March 15 —team review
90% runs complete

e April 15 —team review
Final phenomenological study
complete
Final runs complete

« June l-team review
Final Reports complete




Hurricane KATRIMA has hit land and is moving north at 15mph. It has max sustained winds of 150mph and
gustof 184mph.
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Questions?
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